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 ANALYSIS OF AN OPTICAL CHANNELIZATION TECHNIQUE FOR 
MICROWAVE APPLICATIONS  

 
 
 
 
 

EXECUTIVE SUMMARY 
 

• A brief review of channelization technologies is given. 
 

• The impact of electro-optic modulator nonlinearities on an optical channelizer is 
explained in detail. 

 
• An optical channelization technique is presented and analyzed, demonstrating a spurious-

free dynamic range of 105 dB·Hz2/3. 
 

• The nonlinearities introduced by electro-optic modulators, particularly in the optical domain, must 
be mitigated in high-performance optical channelizers. 
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ANALYSIS OF AN OPTICAL CHANNELIZATION TECHNIQUE FOR 
MICROWAVE APPLICATIONS 

 
 
  

 
 

1   INTRODUCTION 
 

Channelization is a common RF technique for wideband receivers [1]. In frequency-based 
channelization, the received signal is divided into narrow frequency bands, or channels, typically 
with RF filters. The quality of the channelization ultimately determines the performance. Several 
electrical filtering techniques and the acousto-optic Bragg cell have previously been proposed and 
developed to perform the channelization. Early acousto-optic channelizers for communications 
and radar applications suffered from inefficiency and power limitations. Recent developments in 
ultra-narrow, multiple-channel optical filters may provide new opportunities for optical 
channelizer technology. In particular, the capability to channelize the large bandwidths afforded 
by optical systems into RF-size frequency bins will offer significant improvements in signal 
processing tasks. 

A brief overview of channelizer technology and the basic operation of an optical channelizer 
based on optical filtering are described in Section 2. A more detailed analysis of the system 
shows the importance of the optical modulator and demonstrates the need to consider the optical 
field. Since the optical channelizer directs only a portion of the optical spectrum onto the 
photodetector in each channel, spurious field components generated by the modulator that may 
otherwise cancel at the photodetector must be considered. Ideally, the optical modulator should 
be linear in the optical electric field, a much more stringent requirement than traditional 
microwave photonic links which require linearity only in the post-detection RF photocurrent. 
Such a modulator does not exist today. 

Section 3 discusses the linearity limits set by the optical modulator for both a traditional 
electrooptic Mach-Zehnder interferometric intensity modulator (MZM) and an electrooptic phase 
modulator (ΦM). For the MZM, linearity in both the electrical domain (after the photodetector) 
and the optical domain (as seen at the output of the MZM) are reviewed. Section 4 explores the 
impact of nonlinearities in the optical field on the optical channelizer using a simple experimental 
setup. The work is summarized in Section 5. 
 
 
2 OPTICAL CHANNELIZER OVERVIEW 
 

A thorough review of existing channelization technology is presented in [1] (and the references 
therein). This work focuses on frequency-based channelization, in which the received signal is 
divided into narrow frequency channels. Each channel is then detected with a relatively 
narrowband receiver. The reduced noise bandwidth and any processing gain in the receiver 
(theoretically) allow for improved sensitivity. If the hardware is repeated for each channel, the 
result can be a wideband receiver whose sensitivity approaches that found in a narrowband 
receiver. Other benefits of channelized receivers include the ability to intercept several time-
coincident signals without loss of information, potentially higher probability of intercept (POI), 
and higher signal throughput rates owing to the parallel architecture. 
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      (a)             (b) 
 

Fig. 1. A traditional digitizing RF channelizer with microwave photonic link extension is shown in (a). The antenna 
receives the RF signal, which is applied to an optical modulator for the electrical-to-optical conversion (E/O). After 
traveling on fiber to the processing station, a photodetector performs the optical-to-electrical (O/E) conversion and the 
spectrum of the photocurrent is shown. The rest of the channelizer, including the local oscillators (LO) is electronic. 
Electrical spectra both before and after the channelization are shown. The optical channelizer shown in (b) performs 
more functions in the optical domain, such as channelization and down-conversion. The optical local oscillators (OLO) 
are optical carriers at the appropriate frequency for down-conversion. The optical spectra both before and after 
channelization are shown in the figure. 

 
 
A generic, fully populated RF channelized system is shown in Fig. 1(a). The channelization, 

down-conversion, digitization, and processing all occur in the electrical domain. Note that for a 
system with hundreds of channels, the size/weight/power demands of a fully populated receiver 
are usually not practical. Indeed, systems that switch different bands (groups of channels) onto a 
channelizer are more common in practice.  Figure 1 assumes that the conditions between the 
receiver and the processing station are severe enough (e.g. far enough apart or electrically noisy) 
that a microwave photonic link is preferred. Hence, in Fig. 1(a) photonics plays the role of “RF 
link extender”. The RF spectrum of the received signal is shown both before and after 
channelization. 

Photonics assumes much more functionality in Fig. 1(b), which shows an optically channelized 
microwave photonic system with similar functionality. Notice the channelization and down-
conversion occur in the optical domain by means of narrow optical filters and photodetectors, 
respectively. In this case, the optical spectrum is shown after the optical modulator and after the 
optical channelizing filter. The optical spectrum before the filter is double sideband. The filter 
need only channelize one of the sidebands, blocking the other.   

The architecture depicted in Fig. 1(b) is significantly different from the first generation 
acousto-optic (AO) channelizers [2]. Acousto-optic channelizers pass coherent light through an 
acoustic Bragg cell onto an array of photodetectors.  The received signal is applied to the acoustic 
transducer. The acoustic wave in the Bragg cell deflects the incident light an amount determined 
by the frequency of the applied signal. Typically, the AO transducer requires considerably high 
drive voltages. The new architecture in Fig. 1(b) assumes passive optical filtering technology will 
perform the channelization. As a result, traditional modulators handle the electrical-to-optical 
conversion with significantly higher bandwidth and efficiency. Many limits set by AO technology 
are completely avoided in the proposed architecture. 

For sufficiently wideband receivers (i.e. many channels), the size/weight/power benefits of an 
optically channelized system can be significant. For example, an array of N photodetectors down-
converts all the channels in the optical system whereas N mixers are required for the electrical 
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channelization system. Additionally, optical comb generators and the appropriate filter could 
potentially provide a low-power, compact array of optical local oscillators. If total system 
bandwidths exceed tens of GHz, the cost and power of electrical components (e.g. filters, 
combiners, local oscillators) becomes increasingly high.  All-electronic millimeter-wave systems 
face serious implementation and realization challenges. 

Importantly, the optically channelized system operates directly on the optical spectrum. Just as 
the performance of electrical channelizers depends on the RF filter, the frequency response of the 
optical filter plays a critical role in the optical channelizer. The filter is passive and 
interferometric in nature, so amplitude and phase distortion are a concern, but linearity should be 
preserved. Good out-of-band suppression and a flat pass band are required. If the filter is cyclic, 
for example, portions of the upper and lower sideband as well as higher order nonlinearities may 
wrap around and fall into the same channel. Depending on the system design (e.g. placement of 
the local oscillator), some of these extra components can be filtered in the RF domain. Much like 
a traditional channelizer, the optical filter will face ambiguity challenges when the frequency of 
the signal lies near the boundary of two channels. 

Ideally, the filter allows only the portion of the optical spectrum containing the channel of 
interest to exit through a particular output port. Current state-of-the-art multi-channel optical 
filters are pushing below 12.5-GHz channel spacing (e.g. Essex Corporation Hyperfine WDM 
[3]), with theory allowing sub-GHz channelization [4]. Out of band optical suppression of greater 
than 40 dB is currently achievable, but ultimately 60 dB or more is preferred and theoretically 
possible. 

Another important subsystem is the optical local oscillator (OLO) generation. Figure 1(b) only 
describes the basic architecture and operation. The mechanism by which the optical local 
oscillators are generated and even how they are combined with the received signal remain 
considerable design challenges.  In general, each photodetector should receive a portion of signal 
bandwidth and an OLO that is spaced at the designed intermediate frequency (IF). Depending on 
the purpose of the channelizer (e.g. signal detection or frequency analysis), the OLO may have to 
be phase-locked to the original optical carrier. While Fig. 1(b) shows independent OLOs joining 
their respective channel after the filter, this need not be the case. With the appropriate filter, for 
example, a comb of OLOs could enter the channelizer filter alongside the data spectrum and be 
routed to the appropriate output. Mode-locked lasers are popular candidates for generating an 
OLO comb [5]-[7], although other solutions may ultimately prove more reliable [8],[9]. 

Clearly, the optical channelizer depends on significant advances along several fronts in optical 
device technology. In both Fig. 1(a) and (b), the electrical-to-optical conversion (i.e. the 
modulator) produces nonlinearities that can limit the overall performance of the system. Note that 
in Fig. 1(a) the entire optical spectrum from the modulator reaches the photodetector, so the 
traditional RF photocurrent equations for link linearity and performance directly apply. The 
performance and RF photocurrent for the optical channelizer of Fig. 1(b), on the other hand, 
depends entirely on what portion of the optical spectrum exits the filter in that channel and the 
strength and frequency of the optical local oscillator. In order to analyze the optical channelizer, 
one must consider the optical field exiting the modulator. 
 
 
3 NONLINEARITY DUE TO THE OPTICAL MODULATOR 
 

The Mach-Zehnder modulator (MZM) has long been the external modulator of choice for 
microwave photonic links [10]. Although not linear, the MZM behaves predictably and has been 
thoroughly evaluated. Phase modulators (ΦMs) use the same electrooptic effect in a single path 
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device, but when the entire output spectrum is directed onto a photodetector, the RF photocurrent 
is zero. Since the optical channelizer suppresses one of the sidebands and passes only a portion of 
the optical spectrum, RF photocurrent can be produced using a ΦM and a ΦM should be 
considered as well. Finally, electro-absorption modulators (EAM) should be considered for their 
potentially small size, weight, and drive voltage. The next subsection evaluates the MZM, 
followed by subsections briefly discussing both ΦM and EAM. 
 
3.1 Optical Field from a Mach-Zehnder Modulator 
 

The nonlinearity of the MZM in terms of RF photocurrent from a photonic link is well 
understood [11]-[15]. In the optical channelizer, however, the equations for RF photocurrent do 
not apply. Instead, we must consider the optical field exiting the MZM. Then, we can calculate 
the RF photocurrent and resulting nonlinearity based on what portion of that optical spectrum 
reaches a given photodetector. 

We model the MZM as an ideal, balanced device and apply a complex exponential to its input, 
 

 
( )

( )

4342144444 344444 21 input
combinershiftersphasesplitterMZM

tj

tj

tj eE
j

j

e

e
j

j
E
E

⎥
⎦

⎤
⎢
⎣

⎡
⎥
⎦

⎤
⎢
⎣

⎡
⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
⎥
⎦

⎤
⎢
⎣

⎡
=⎥

⎦

⎤
⎢
⎣

⎡
− 01

1

0

0
1

1
2
1 0

0

2

2

out2

out1

,,:

ω

φ

φ

,                                (1) 

 
where φ(t) is the phase change induced by the voltage applied to the modulator, 00 PE η=  is the 

optical field amplitude, and ω0 is the angular frequency of the optical carrier. 
In this analysis, we apply two sinusoids of different frequencies to the MZM, so φ(t) is of the 

form 
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where Γ0 is the phase change due to the bias voltage, v1 and v2 are the amplitudes of the voltages 
applied to the modulator for tones at angular frequencies ω1 and ω2, respectively, and  is the 
on-off switching voltage. Equation (2) uses the same form as [11] to simplify comparison. The 
matrix in (1) that accounts for the phase shift φ(t) conveniently describes the fundamental 
problem of a MZM – the inherently nonlinear exponential modulation occurring in the branches 
of the interferometer. 

πV

Carrying out the calculation of (1) and simplifying leads to a result that contains the amplitude, 
phase, and frequency of the optical field components for one of the MZM outputs 
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Fig. 2. Several of the most significant optical field components resulting from two-tone modulation on a balanced 
Mach-Zehnder modulator. Each term can be thought of as a phasor at its optical frequency. The optical carrier is shown 
at Label I. Labels F & L and E & M are due to the fundamental RF tones applied at ω1 and ω2, respectively, with 
amplitudes v1 > v2 for illustrative purposes. Table I lists the amplitude, phase, and frequency for each labeled 
component. The components with solid dots at their base are odd order terms. When biased at a null, only odd order 
terms remain in the optical field. 
 
 
where Jk is the kth order Bessel function of the first kind. We use complex exponentials to readily 
see the double-sided optical spectrum. Figure 2 illustrates a portion of the optical spectrum for a 
MZM biased at quadrature (note that J-n(x) = (−1)n Jn(x)). Biasing at quadrature ( 2/0 π=Γ ) sets 
the amplitude scaling due to the bias equal for both odd and even order harmonics, since 

)4/sin()4/cos( ππ = . Assuming moderate to small modulation depth, only the most significant 
terms are shown and labeled in the figure. The amplitude, phase, and optical frequency of the 
labeled components are summarized in Table I. 

An ideal optical spectrum analyzer (OSA) would show the power (field-magnitude-squared) 
of each component in (3).  Figure 3 plots the OSA spectrum taken on an ANDO AQ6319 OSA 
for two +5 dBm RF tones applied to a MZM ( V5π ≈V ) biased at quadrature. The laser-only 
spectrum is also shown to illustrate the spectral limitation set by the OSA, and each of the 
components from Fig. 2 and Table I are labeled as well. Note that significant second order 
harmonics are present in the optical field for a MZM biased at quadrature. 

Careful examination of (3) indicates that biasing the modulator at a null ( ) will 
suppress all even order terms in the optical field, including the carrier ( ). In addition, 
the fundamental and odd order harmonic amplitudes are maximized for a given drive voltage 
( ). Carrier suppression in the optical channelizer is not an issue since it is assumed that 
optical local oscillators will be added to the channelizer outputs prior to photodetection.  The 
difference between the optical spectra for quadrature-bias and null-bias is appreciable. All the 
components shown in Fig. 2 are present at quadrature while only those with solid dots at their 
base exist at null bias. The amplitudes of the odd order harmonics also increase by a factor of 

00 =Γ

0)sin( 0 =Γ

1)cos( 0 =Γ

2  
at null compared to quadrature. 
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Fig. 3. Optical spectrum analyzer (OSA) plot of a MZM-modulated optical carrier where +5 dBm RF tones at 9 GHz 
and 12 GHz were applied to the MZM biased at quadrature. The labels applied to this plot correspond to Fig. 2 and 
Table I assuming ω1=2π·9 GHz and ω2=2π·12 GHz. The laser-only spectrum illustrates the limitation set by the OSA. 
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Fig. 4. Optical spectrum analyzer (OSA) plot of a MZM biased at a null with two +5 dBm RF tones at 9 GHz and 12 
GHz applied. The labels correspond only to the frequencies in Fig. 2 and Table I assuming ω1=2π·9 GHz and ω2=2π·12 
GHz. The laser-only spectrum shows an un-modulated MZM biased at quadrature to illustrate the amount of carrier 
suppression provided by the MZM bias. 
 
 

Importantly, the dependence on modulator bias described in (3) only applies for a balanced 
MZM. The phase modulation inside the branch of the MZM always creates both even and odd 
order terms. The bias state, in conjunction with the combiner that follows the phase modulator, 
determines which optical field components exit a particular output of the MZM. At quadrature, 
both MZM outputs receive equal amplitudes of each field component. Under null bias, the output 
of interest contains only odd order components while the other output contains only even order 
terms.  If the two branches of the modulator do not experience equal and opposite phase 
modulation, the terms will not cancel as predicted. For a MZM with single-arm phase 
modulation, all terms aside from the carrier are independent of the bias. Zero-chirp MZMs often 
employ a symmetric electrode design to achieve balance.  Even with balanced modulation, the 
amount of suppression is limited by the degree of balance between the arms of the interferometer. 
A well-designed modulator can achieve about 30 dB of suppression. Figure 4 shows the OSA 
spectrum for a MZM biased in a null.  This particular MZM is fairly well balanced and achieves 
an optical carrier suppression of almost 25 dB. 

It is both useful and informative to compare the results derived here for the optical field to 
those derived previously for the RF photocurrent of a microwave photonic link. In [11], for the 
same applied voltage, the relative strengths of the RF photocurrents was derived as 
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Biasing the modulator at quadrature ( 2/0 π=Γ ) yields the commonly accepted result of nulling 
the second order nonlinearity (when n + m is even, 0)cos( 0 =Γ ). Notice the dependence on Γ0 in 
(4) as compared to Γ0/2 in (3). This is consistent with the fact that second order terms can be 
present in the optical field but not in the RF photocurrent. 
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Equation (3) provides the information we need about the optical field to evaluate the 
channelizer in terms of linearity. The optical filter will route the terms defined by (3) onto the 
output ports (channels) according to their optical frequency. To determine the RF photocurrent 
for a particular channel, we must combine the optical local oscillator with the field components 
that are routed to that channel and calculate the resulting field intensity.  Generally speaking, any 
two components in the optical field separated by ω contribute to the RF term at that frequency. 
The photodetector, a photon-counting device, responds to the intensity of the optical electric field. 
We calculate the intensity by squaring the magnitude of the electric field. In doing so, we see that 
any pair of electric field components separated by ω result in a cross term, or “beat term”, which 
causes the intensity to fluctuate at ω. This is consistent with the classical view of the 
photodetector as a square-law device for the electric field. In both views, we must consider the 
contribution of all the pairs of field components whose separation is ω in order to accurately 
predict the RF photocurrent at ω. 

As an example, consider the MZM biased at quadrature under a relatively low modulation 
depth. We can see from (3) and Fig. 3 that the optical field is significant at 10 2ωω ± , but (4) tells 
us there is no RF photocurrent at 12ω . Clearly, each of the upper and lower sideband will beat 
with the carrier to create time-varying intensity terms at 12ω . The common assumption is that 
these two cancel and the resulting RF photocurrent is zero. In fact, these two add together. It is 
the beat term between the upper and lower fundamentals at 10 ωω ± , which are also 12ω  apart, 
that cancels the two terms mentioned previously. If we remove the small signal approximation, 
there are an infinite number of pairs of terms in the optical field that are separated by 12ω . The 
vector sum of all of these cross terms gives the RF photocurrent at 12ω . 

It is useful to consider other optical modulators for use with the channelizer. Phase modulators 
(ΦMs) are not practical for traditional microwave photonic links because the upper and lower 
sidebands of the signal cancel at the photodetector and no RF photocurrent results. In the 
channelizer, however, only one of the sidebands is combined with an optical local oscillator, so 
the cancellation does not occur. The next subsection briefly analyzes the ΦM as a potential 
modulator for an optical channelizer based on optical filtering. 
 
3.2 Phase Modulator for Use in an Optical Channelizer 
 

For an ideal ΦM, the phase of the input complex exponential is modulated via the electrooptic 
effect as 

)(
0

0 tjtj eeE φω .                                                               (5) 
Assuming )(tφ  is of the same form as (2), and applying the appropriate Bessel identities to 

simplify yields an expression for the individual field components, 
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which is simpler than (3), but very similar. One important difference lies in the fact that the ΦM 
is a single path device. Notice both even and odd order terms share the same dependence on the 
bias, Γ0, which only affects the overall phase of the components. On the other hand, (3) shows 
that the amplitudes of the even and odd harmonics depend differently on the bias for a MZM. 
Thus, the MZM provides a mechanism for controlling the relative amplitudes of the even and odd  
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Fig. 5. Optical spectrum analyzer (OSA) plot of a ΦM with two +5 dBm RF tones at 9 GHz and 12 GHz applied. The labels applied to 
this plot correspond only to the frequencies in Fig. 2 and Table I assuming ω1=2π·9 GHz and ω2=2π·12 GHz. The laser-only spectrum 
illustrates the limitation due to the OSA. 
 
 
harmonics while the ΦM does not.  Figure 5 captures the optical spectrum of a ΦM. Notice how 
closely this plot resembles Fig. 3. Recall that for a MZM biased at quadrature, the amplitude 
scaling due to the bias is equal for both even and odd order terms. 

The electrooptic effect is known to be quite linear in lithium niobate modulators; hence the 
phase of the optical signal depends linearly on the applied voltage. This implies that a ΦM and 
the two branches of a balanced MZM can be modeled as near-perfect phase modulators. 
Unfortunately, phase modulation is inherently nonlinear in the electric field. In phase modulation 
the input signal appears as part of the argument of a trigonometric or exponential carrier. 
Expanding the carrier into a Taylor series readily exposes the unavoidable nonlinearity. The 
numerous harmonics shown in Fig. 5 illustrate this problem clearly. Ideally, the optical 
channelizer prefers a modulator that is linear in the optical field. 

In terms of RF efficiency, the ΦM outperforms the MZM. Even if the MZM is biased at a null 
to maximize the fundamental term, the argument of the Bessel function for the ΦM in (6) is twice 
as large as for the MZM in (3). Unfortunately, the carrier-to-third-order-intermodulation ratio is 
not improved in the ΦM compared to the MZM. 

One frequently overlooked implication of electrooptic (phase-based) modulation is the 
interdependence of all the components on the total applied voltage. For the two-tone examples 
derived in (3) and (6) we noticed that the amplitude of each term (including the optical carrier and 
fundamentals) depends on the drive amplitudes of both tones. Expanding this to multiple tones 
(or noise) would show that the amplitude of every frequency component in the optical field 
depends partially on all of the frequency components of the applied voltage. This means that one 
strong signal can affect all the others. Furthermore, since the problem occurs in the modulator 
itself, it cannot be solved with filtering. Finally, since both MZM and ΦM use this phase 
modulation mechanism, both are subject to this phenomenon. 
 
3.3 Electro-Absorption Modulation for Use in an Optical Channelizer 
 

The electro-absorption modulator (EAM) has long been used in digital communications 
systems owing to its simple integration with semiconductor lasers, small size, and low drive 
voltage[16],[17]. The typical EAM, however, has a nonlinear response and a limited input power, 
making it unsuitable for most analog optical applications. Additionally, the response depends 
heavily on bias, input optical power, and operating wavelength [18]-[20]. As a result, a general 
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and straightforward analysis is not practical. 
Research on EAMs has focused on both increasing the maximum input power and improving 

the linearity[19],[20]. Since EAMs are not based on the electrooptic effect (phase modulation), 
electrical pre-distortion for EAMs or specially designed EAM structures could potentially offer 
linear optical field, but the problem is largely unsolved as yet. In their current state, EAMs are not 
the best choice for use in an optical channelizer system. 

For the optical channelizer, the MZM biased at a null is currently the best option for optical-to-
electrical conversion. The spurious-free dynamic range (SFDR) and a host of other performance 
metrics for MZM-based photonic links have been derived [11]-[15]. Most of these assume the 
entire optical spectrum is incident on the photodetector and only consider the RF photocurrent 
defined by (4). For the optical channelizer, however, the impact of nonlinearities should be 
reconsidered in the context of a MZM biased at null. The next section discusses how these 
nonlinearities affect the performance of the optical channelizer. 
 
 
4 IMPACT OF MODULATOR NONLINEARITIES ON AN OPTICAL CHANNELIZER 
 

Assume an ideal non-cyclic optical channelizer filter with infinite out-of-band suppression. In 
other words, the filter passes only the portion of the spectrum (the channel) designed to exit a 
particular channel. For two tones applied to a balanced and null-biased MZM, the third-order 
intermodulation product is the dominant nonlinearity. The 212 ωω −  (or 122 ωω − ) term is 
particularly bothersome because it falls within the band of a single octave system. 

A common linearity metric for analog systems is the two-tone spurious free dynamic range 
(SFDR) [21]. In a traditional MZM-based link, the strength of the optical carrier relative to the 
other field components depends only on the drive strength of the input tones and the bias point of 
the modulator. Furthermore, the entire spectrum reaches the photodetector. Biasing the MZM at 
quadrature and assuming the shot noise limit, one can calculate the theoretical SFDR as a 
function of received DC photocurrent [11]. For the optical channelizer, on the other hand, the 
optical local oscillator (OLO) power is controlled independently of the other field components 
exiting the MZM.  As  a  result,  the  SFDR  depends on  the  relative strength  of  the OLO to  the  
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Fig. 6. Experimental setup to emulate an optical channelizer. Mach-Zehnder modulator (MZM) is null-biased. The 
single sideband (SSB) filter suppresses the carrier and one of the sidebands, selecting a single “channel” of the optical 
spectrum. The carrier introduced by the laser and suppressed by the MZM and SSB filter is reintroduced as a local 
oscillator before the photodetector (PD). Measurements are taken at the electrical spectrum analyzer (ESA) as the RF 
input powers are varied. 
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Fig. 7. Two tone spurious-free dynamic range (SFDR) measurement for emulated optical channelizer of Fig. 6. The 
extrapolated output third-order intercept is –11 dBm. The noise was measured as shot noise limited at 4 mA DC 
photocurrent through a Discovery DSC30S photodetector for a measured SFDR of 105 dB·Hz2/3. 
 
 
fundamentals. Furthermore, since the spectrum is channelized after modulation, it is entirely 
possible for the two tones and their intermodulation products to be routed to different output 
channels.  For comparison, one can assume the tones of interest exit the same port of the 
channelizer filter. Since the MZM limits the linearity in both systems, the carrier-to-
intermodulation ratio for the channelizer will equal that of the traditional link. The shot noise, 
output third-order intercept point and corresponding SFDR, however, depend on the magnitude of 
the OLO. 

We can simulate an optical channelizer with the experimental setup shown in Fig. 6. The single 
sideband (SSB) filter is actually an ultra-narrow fiber Fabry-Perot filter that passes both 
fundamentals and the associated third-order spurs created in the modulator. This emulates a single 
channel for the optical channelizer. The lower branch of the final optical combiner emulates the 
OLO. The setup is designed for a two-tone spurious-free dynamic range measurement. All of the 
fiber and couplers were polarization maintaining. The null-biased MZM combined with the SSB 
optical filter suppressed the optical carrier > 50 dB. The measured MZM-plus-filter insertion loss 
was 7.5 dB. The measured SFDR data and linear fits for this setup are shown in Fig. 7. Based on 
the shot-noise-limited noise floor at a received DC photocurrent of 4 mA and an output third-
order intercept (OIP3) of –11 dBm, the calculated SFDR is 105 dB·Hz2/3. 

One of the proposed benefits of an optical channelizer is very large and potentially multi-
octave system bandwidth. Even over multiple octaves, the null-biased MZM is limited 
predominantly by third-order intermodulation, followed by the third harmonic of the 
fundamentals.  Several approaches have been explored to provide highly linear analog optical 
links. The vast majority of these techniques focus on linearizing the RF photocurrent [22]-[25]. 
For both MZM and ΦM, the fundamental nonlinearity introduced in the optical field by the 
electrooptic effect is unavoidable. Additionally, canceling these nonlinearities in the optical 
domain is currently quite difficult. It remains uncertain whether research on EAMs will result in 
modulators that are linear in the optical field. For the foreseeable future, the optical modulator 
will impose linearity limits on this optical channelizer system. 
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5 SUMMARY AND CONCLUSIONS 
 

Advanced photonic systems such as the optical channelizer are emerging that will assume more 
and more of the functionality traditionally performed by electronics. The requirements for the 
components in such systems are much more stringent than those required for simple RF link 
extension. Section 2 outlined the basic principle of the optical channelizer, a different approach 
from earlier acousto-optic channelizers. With optical local oscillators and a narrow channel 
spacing optical filter, the architecture avoids some of the fundamental inefficiencies of previous 
optical channelization approaches. Compared to an RF channelizer, the optical channelizer 
performs both channelization and down-conversion in the optical domain. Analysis of the system 
demands careful consideration of the optical field. 

Section 3 presented the optical electric field as a function of applied input voltage for both a 
ΦM and a MZM. Both modulators depend on the electrooptic effect, but the MZM provides the 
ability to adjust the relative amplitudes of the even and odd order nonlinearities, provided the 
MZM is balanced. When biased in a null, the MZM suppresses the even order terms and provides 
maximum signal-to-optical field efficiency. The RF photocurrent for a given channel then 
depends only on the optical field components passed by the optical filter – a very different 
situation in general than the traditional photonic link. 

Nonlinearities due to the modulator and their impact on channelizer performance were 
considered in Section 4. Assuming ideal filters, the performance theoretically approaches that of a 
MZM-based photonic link, but only when the MZM is null-biased. Furthermore, any 
imperfections in the channelizer optical filter directly translate to performance penalties. 

In terms of linearity, modulators pose the most immediate limitation. The optical channelizer 
architecture outlined in this work demands advances on several device and subsystem fronts 
including optical filtering, optical local oscillator generation, and optical modulators that are 
linear in the optical field. Work should be pushed forward on these fronts because the 
channelization of extremely large RF frequency spectra performed in the optical domain will 
provide new tools for a wide variety of signal processing applications. 
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